Fractures of the foot and ankle are common injuries. Approximately 2% of the general population will sustain an ankle fracture during their lifetime (1) . Many can be successfully treated nonoperatively. However, for those injuries that require surgical intervention, restoration of the anatomy is the main principle (2) .
Biomechanical studies have demonstrated significant alterations in stability and joint reactive forces with fibular displacement (3) (4) (5) . In a cadaveric study assessing the various effects of combinations of shortening and external rotation of the fibula on joint contact area, 30°of external rotation combined with 2 mm of shortening resulted in a >30% decrease in tibiotalar contact (6) . After division of the deltoid ligament, the tibiotalar contact decreased by one half. In other studies, as little as 1 mm of lateral talar displacement decreased the contact area of the ankle joint by <40% (3, 6) . For the restoration of normal ankle mechanics, anatomic restoration of both fibular length and rotation is essential (6) .
The key treatment of displaced ankle fractures is anatomic reduction with open reduction and internal fixation, until bony union has been achieved (7, 8) . Yablon et al (5) found the key to obtaining anatomic reduction of the mortise is to first perform an adequate reduction of the lateral malleolus. In 1 study of bimalleolar fracture cadavers, the talus could be anatomically repositioned only when the lateral malleolus was accurately reduced. Yablon et al (5) also noted that the displacement of the talus successively followed displacement of the lateral malleolus and that residual displacement of the fracture led to a poor result.
Continued lateral talar subluxation, often due to a shortened fibula, is usually indicated by a widened medial clear space. The most common mistake when attempting to reduce the size of the medial clear space is to use syndesmotic screws or bone clamps to "squeeze" the tibia and fibula together. However, with this maneuver, a widened medial clear space will persist because the mortise will not have been reduced. Instead, a distraction technique is needed to restore the anatomic length of the fibula to achieve reduction of the mortise indicated by reduction of the medial clear space (2) .
Despite considerable research in defining the length of the fibula, no studies reported to date have examined the relationship of the distal fibular tip to the lateral process of the talus. The principal aim of the present study was to assess the potential variability of 3 distances that define the anatomic location of the distal fibular tip. At the wrist, the ulnar variance relative to the length of the radius has been described. We hypothesized that a measurable distance exists between the distal fibula and lateral talar process. To quantitatively define this distance, we undertook a retrospective cohort study to determine the mean average location of the distal fibula tip compared with the lateral talar process using radiographic analysis.
Materials and Methods
We determined the distance between the distal fibula and lateral talar process by calculating the difference between the distances that define the anatomic location of the distal fibular tip. The 2 distances measured were the distance between a line drawn parallel to the articular surface of the distal tibia and a line drawn parallel to the distal tip of the fibula; and the distance between a line drawn parallel to the articular surface of the distal tibia and a line drawn parallel to the tip of the lateral process of the talus. The calculated distance was between a line drawn parallel to the tip of the lateral process of the talus and a line drawn parallel to the distal tip of the fibula (Fig. 1) .
We conducted an observational study measuring the distances as defined using 66 randomly selected weightbearing mortise view radiographs of adults (aged ≥18 years). Radiographs were selected by International Classification of Diseases, revision 9, coding staff from June 2009 to January 2011 in a consecutive series. Measurements were taken using the Picture Archiving and Communication System (Siemens Medical Solutions USA, Inc., Malvern, PA) software measurement tools by the principle author, a foot and ankle fellowship-trained surgeon (V.K.P.) and his partner. None of the radiographs used in the present study had pathologic features related to the ankle mortise. Only skeletally mature subjects with no previous osteoarticular surgery of the ankle and no history of traumatic injury or congenital deformity to the lower leg and ankle were included. To analyze the data collected, we used a paired t test with a null hypothesis that the true mean distance from the distal fibula to the lateral process would be equal to 0.
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Results
The mean average age of the subjects was 45.3 ± 14.6 years. Of the 66 subjects, 23 were male (34.8%) and 38 were female (57.6%); the sex of 5 subjects (7.6%) was not recorded. The mean distance from the distal tibia to the distal fibular tip was 2.14 ± 0.321 cm. The 95% confidence interval (CI) was 2.06 to 2.22 cm. The mean distance from the distal tibia to the lateral process of the talus was 2.40 ± 0.326 cm. The 95% CI was 2.32 to 2.48 cm. The mean distance of the distal tip In 65 of the 66 subjects, the distal tip of the fibula was proximal to the lateral process of the talus, corresponding to a negative fibular variance. In the remaining subject, the distal tip of the fibula was at the same level of the tip as the lateral process of the talus. No subjects in the present series had a positive fibular variance; the mean distance in females was 0.24 cm and in males was 0.28 cm, not a statistically significant difference. Abbreviation: CI, confidence interval.
of the fibula was 0.257 ± 0.127 cm proximal to the tip of the lateral process of the talus (p < .0001). The 95% CI was 0.226 to 0.288 cm. A summary of the results is provided in the Table. In 65 of the 66 subjects, the distal tip of the fibula was proximal to the lateral process of the talus, corresponding to a negative fibular variance. In the remaining subject, the distal tip of the fibula was at the same level of the tip as the lateral process of the talus. No subjects in the present series had a positive fibular variance. The mean distance in the females was 0.251 ± 0.118 cm, and the mean distance in males was 0.273 ± 0.138 cm; this was not a statistically significant difference (p = .258).
Discussion
In our study, the distal tip of the fibula was most commonly not at the level of the talus lateral process as is often commonly described in published studies (9) . Instead, it had a variance analogous to the relationship between the length of the ulna compared with the length of the radius described at the wrist. The distal tip of the fibula was more often proximal to the tip of the lateral process of the talus and can be described as a negative fibular variance, or "fibula minus," a term coined by the senior author (V.K.P.), as the variance of fibula is analogous to the variance of the ulna at the wrist.
In the wrist, the anatomic variations of the lengths of the ulna and the radius are well known. Demographic studies have found that the ulnar variance is lower in males than in females and that the ulnar variance increases with age (10, 11) . Moreover, the relationship between the amount of force transmitted through the distal ulna and ulnar variance has been the focus of much investigation. Similar to the evidence for the ankle, changes in ulnar variance of a forearm due to ulnar lengthening or radial shortening have been found to dramatically alter the force transmission (12) . Therefore, surgical procedures concerning the distal articular surfaces of the radius and ulna require an accurate method of measurement of ulnar variance (13) . Several commonly used methods of measuring ulnar variance (including the project-a-line technique, the method of concentric circles, and the method of perpendiculars) and intra-and interobserver reliabilities have been described (14) .
The lateral malleolus of the fibula has been depicted in textbooks as parallel to the most distal end of the lateral process of the talus (9, 15, 16) . Additionally, 3 measurements are used to ascertain whether the correct fibular length has been restored. They are the talocrural angle (17), the tibiofibular (or Shenton) line (18) , and the dime sign (circle sign) (19) .
The tibiofibular line, which should intersect the distal (Wagstaffe) tubercle of the fibula, is drawn parallel to, and through, the subchondral bone of the tibial plafond (Fig. 2) . The dime sign is an unbroken curve between the lateral process of the talus and the recess in the distal tip of the lateral malleolus (Figs. 3 and 4) . The talocrural angle is created by a line drawn perpendicular to the tibial plafond intersecting a line drawn from the tips of the medial and lateral malleoli; the normal angle ranges from 79°to 87° (Fig. 5) . 3 . The dime sign is seen on the mortise radiograph and should be an unbroken curve connecting the recess in the distal tip of the fibula and the lateral process of the talus when the fibula is of adequate, anatomic length.
Fig. 4. (A)
The dime sign is described on the anteroposterior view as an unbroken curve connecting the recess in the distal tip of the fibula and the lateral process of the talus when the fibula is out to length. (B) When the fibula is in a shortened position, the ball sign will be absent.
However, the talocrural angle, dime sign, and Shenton line as measures of correct fibular length have not been validated in the context of normal physiologic variation. Each can provide a false indication owing to nonpathologic individual variations of distal fibular to lateral talar process length.
Recent evidence has suggested that a "positional fault" of the fibula exists in chronically unstable ankles. Hubbard and Hertel (20) studied the relationship between the fibular position and the amount of swelling in 11 patients with unilateral subacute lateral ankle sprains. The position of the distal fibula was measured in relation to the distal tibia. They found that compared with the contralateral, noninjured ankle, the fibulas in subacutely sprained ankles appeared to be positioned more anteriorly (20) .
The limitations of the present study were those common to all retrospective cohort studies, with selection bias the most relevant. All our subjects were skeletally mature. Additionally, 3 subjects contributed 2 radiographs; we did not account for any effect this might have had on the analyses. Because only a limited number of radiographs were examined, we did not have enough subjects to stratify our series by age and race. Hence, it was not possible to determine whether age or racial differences exist in fibular variance. Despite these limitations, to date, we are not aware of any reported studies measuring fibular variance.
In conclusion, we have proposed a novel method for the determination of fibular variance and suggest future research to determine the validity of this method with multiple observers and intra-and interobserver agreement. We would like to expand the present study to establish population norms and to determine whether fibular variance differs according to sex, age, or race or between those with and without comorbidities such as obesity.
